Objective Metaiodobenzylguanidine (MIBG) scintigraphy is used to assess heart failure (HF) severity and to predict cardiac functional recovery. Cardiovascular magnetic resonance (CMR) imaging has recently been used to diagnosis HF. We evaluated CMR T2 mapping and MIBG scintigraphy in dilated cardiomyopathy (DCM) patients. Methods Consecutively, 22 DCM patients [aged 56.8±13.4 years; 6 women and 16 men; left ventricular ejection fraction (LVEF), 31.9±10.7%] who underwent T2 mapping and MIBG scintigraphy were retrospectively evaluated. Echocardiography results were recorded at baseline and the 6-month follow-up. Patients with an increased LVEF ! 15% between the 2 measures were considered to be responders. We measured each patient's T2 values and MIBG indices [the heart-to-mediastinum ratio (H/M) in the early phase, H/M in the delayed phase, and the washout rate (WOR)] at baseline. We compared these values between the 12 responders and 10 non-responders. Results The mean T2 value for all patients was 64.5±6.6 ms. The mean values of early H/M, delayed H/M, and WOR were 2.06±0.25, 1.94±0.35, and 43.5±11.8%, respectively. The T2 values were found to correlate with MIBG indices (p<0.05 for all) and were lower in the responders than non-responders (61.4 vs. 68.1 ms, p=0.013). MIBG indices were not significantly different. Conclusion Our study shows that the T2 values correlated with the MIBG indices and were increased in non-responders. T2 mapping may be useful in assessing the cardiac function and functional recovery in DCM patients.
Introduction
Idiopathic dilated cardiomyopathy (DCM) is characterized by dilated ventricles and diminished cardiac function. DCM causes congestive heart failure (HF) or critical arrhythmias. Although the overall prognosis has improved, DCM is still considered to have an unsatisfactory prognosis (1, 2) . An older age, greater functional impairment, poorer systolic function of the left ventricle (LV), lower serum sodium concentration, poorer renal function, broader QRS complex, lower blood pressure, and the inability to tolerate diseasemodifying drugs are associated with a poorer prognosis and are mentioned in the guidelines for HF management (3) . Lapu-Bula et al. reported 69 cardiac deaths among 197 DCM patients over an average period of 62 years ±13 months (4) . Among these 69 cardiac deaths, 42 (61%) were due to progressive pump failure. The stratification of highrisk patients progressing to HF is important. Compared with the myocardia of healthy controls, the myocardia of patients with chronic LV dysfunction are characterized by significant reductions of pre-synaptic norepinephrine uptake and postsynaptic beta-adrenoceptor densities (5, 6) . Cardiac sympathetic nerve imaging with I-123 metaiodobenzylguanidine (MIBG) is a noninvasive tool for risk stratification in patients with HF (7) . In patients with ischemic or nonischemic cardiomyopathy, cardiac MIBG activity is a very powerful predictor of survival (8) . Other studies have previously reported that MIBG schintigraphy could predict the functional improvement in DCM patients (9, 10) .
Recently, cardiovascular magnetic resonance (CMR) imaging has been recognized as a useful tool to evaluate cardiac diseases. A comprehensive analysis using cine, T1-weighted, T2-weighted, perfusion, and late enhancement imaging enables us to assess the function of the heart and the character of the myocardial tissue. T2-weighted imaging (T2WI) is used in the diagnosis of myocardial edema in myocardial infarction (11) . However, conventional T2WI with black-blood pulse is susceptible to artifacts, and the analysis of T2WI is subject to the observer's perceptions (12) ; therefore, quantitative T2 measurement is needed. T2 mapping has been introduced because this method is more quantitative and objective (13) . T2 mapping is generated by calculating the decay of the T2 value on each pixel from more than 2 different images with different echo-times (TEs). T2WI imaging or T2 mapping in cardiomyopathies is of interest; however, there are only a few reports on the utilization of these methods in patients with DCM (14, 15) . However, the clinical relevance of T2 mapping in DCM patients remains unclear.
We evaluated the efficacy of T2 mapping in DCM patients for the assessment of cardiac dysfunction severity and functional recovery using comparison with MIBG scintigraphy as a reference standard.
Materials and Methods
Our institutional review board approved this retrospective study and waived written informed consent for the use of the patients' clinical and imaging data.
Study population
We retrospectively reviewed 22 consecutive idiopathic DCM patients (aged 56.8±13.4 years; 6 women and 16 men) who underwent CMR, MIBG, and trans-thoracic echocardiography (TTE). The diagnosis of DCM was made according to the World Health Organization/International Society and Federation of Cardiology criteria (16) . We excluded patients with ischemic cardiomyopathy, arrhythmias, sarcoidosis, congenital heart diseases, past histories of myocarditis, severe anemia requiring frequent blood transfusions, muscle disorders (such as myositis or muscular dystrophy), and general contraindications for CMR. We also excluded patients with neuro-degenerative diseases, such as Parkinson disease and dementia with Lewy bodies, because of the decreased MIBG uptake in these patients. Additionally, we excluded patients who were on reserpine or tricyclic antidepressants, which are known to affect MIBG uptake. All enrolled patients were admitted to our hospital for detailed examinations and the treatment of HF. Each patient was treated by a clinical cardiologist according to the guidelines for the management of chronic HF in our country (published by the Japanese Circulation Society and available at http:// www.j-circ.or.jp/guideline/pdf/JCS2010_matsuzaki_h.pdf).
CMR acquisition and analysis
CMR was performed with a 1.5T scanner (Achieva 1.5T, Philips Medical Systems, Best, the Netherlands) and a cardiac 5-channel coil. Cine, T2 mapping, and late gadolinium enhancement (LGE) was routinely obtained. A total of 12 short-axis cine images, which covered both ventricles, were obtained with 8 mm thicknesses and 2 mm gaps. We also took 2-and 4-chamber long-axis cine images. T2 mapping was obtained at the apical, mid-ventricular, and basal levels by means of a multi-TE fast spin echo sequence (15) . Two different TEs were used: 16-16.5 ms and 100 ms with electrocardiogram (ECG) gating. Based on the 17-segment model proposed by the American Heart Association (17), we used and evaluated 16 segments (segments 1-6 at the basal, 7-12 at the mid-ventricular, and 13-16 at the apical levels, but not the 17th segment at the apex) for T2 mapping. As we set the region of interest (ROI) on each segment of the myocardium by manually tracing, we measured the mean T2 value for each patient on a general viewer (ShadeQuest, Yokogawa Medical Solutions Corporation, Tokyo, Japan).
LGE was performed 10 minutes after the administration of 0.1 mmol/kg of gadolinium-diethylene triamine pentaacetic acid (DTPA) (Magnevist, Bayer Schering Pharma AG, Berlin, Germany).
LGE was obtained with a 3D segmented inversion recovery gradient echo sequence with a 10 mm thickness and 5 mm overlap. The inversion time (TI) was adjusted to the normal myocardium using TI scout imaging.
LGE was defined as the area showing higher signal intensity [SI > mean +5 standard deviations (SD)] of the null myocardium. Through the use of a commercially available workstation (Ziostation ver. 2.1.7.1., Ziosoft Inc., Tokyo, Japan), the LGE area for each patient was semi-automatically calculated by integrating the LGE area in each slice. Measuring T2 values and LGE area was performed with the consensus readings of a cardiologist (TI, with 6 years of experience) Figure 1 . Scheme of the analysis of MIBG scintigraphy. A rectangular ROI was manually placed in the upper mediastinum, and an oval ROI was manually placed on the heart. The heart-to-mediastinum ratio on the early and delayed images was computed, and the washout rate was calculated from the equation presented in the figure.
and a radiologist (AKK, with 11 years of experience).
MIBG acquisition and analysis
After thyroid blockade by the oral administration of 100 mg of potassium iodide, 111 MBq of MIBG was intravenously injected. At 15 minutes (early phase) and 4 hours (delayed phase) after MIBG injection, a planar anterior image of the chest was acquired with a dual-head rotating gamma camera (Vertex Plus, ADAC Laboratories, Milpitas, USA) equipped with a low-energy, general purpose collimator, and then stored in a 128×128 matrix. An ROI over the heart (H) was manually drawn and a rectangular ROI over the upper mediastinum (M) was used as the reference background. Mean counts were obtained for each ROI. The heart-to-mediastinum (H/M) ratios in the early and delayed phases were determined from the anterior planar images (Fig. 1) . The washout rate (WOR) was also calculated by the following formula: WOR = [(early H -early M) -(delayed H -delayed M)]/(early H -early M) ×100(%).
TTE acquisition and analysis
The standard TTE was performed using a commercially available echocardiographic system (Vivid 7, GE Vingmed Ultrasound AS, Horten, Norway). Digital routine twodimensional cine loops from 3 consecutive heartbeats were obtained during the end-expiratory breath hold from standard apical views (4-chamber, 2-chamber, and long-axis) and standard LV short-axis views (basal, mid, and apical) at depths of 11-20 cm (mean, 16±3 cm). The frame rates were 45-90 Hz (mean, 60±10 Hz). The sector width was optimized to allow complete myocardial visualization while maximizing the frame rate. The LV volumes and ejection fractions (EF) were assessed by means of the biplane Simpson's rule (18) . TTE was performed at baseline and the 6-month follow-up. The difference of LVEF (ΔLVEF) was calculated by the following formula: ΔLVEF = (LVEF at follow-up) -(LVEF at baseline). We then classified the patients with ΔLVEF ! 15% as responders and the patients with ΔLVEF <15% as non-responders.
Statistical analysis
Data are expressed as mean ± SD, or median [interquartile range (IQR)] for the continuous variables and as absolute numbers for the categorical variables. We used the Mann-Whithey U test or the Welch test to compare the continuous variables and Fisher's exact test to compare the categorical variables. We used the Spearman rank test to analyze correlations. Statistical analyses of the data were performed using JMP software (version 9.0, SAS Institute, Cary, USA). A p value <0.05 was considered to be statistically significant.
We conducted the following analyses: 1) the correlation between the T2 values with the MIBG indices and 2) the differences in the T2 values, LGE area, and MIBG indices between the responders and non-responders. 
Results

Patient characteristics, clinical events, and TTE examinations
The patient characteristics are summarized in Table 1 . In all patients, cardiac functional parameters at baseline were as follows: LV end-diastolic volume index (LVEDVI), 109.7±34.1 mL; LV end-systolic volume index (LVESVI), 78.7±30.6 mL; and LVEF, 31.9±10.7%. The parameters after 6 months were: LVEDVI, 80.7±40.7 mL; LVESVI, 48.7±37.9 mL; and LVEF, 46.1±14.4%. The mean value of ΔLVEF was 14.1±9.6%.
According to the value of ΔLVEF, the numbers of responders and non-responders were 12 and 10, respectively. There was no difference in the patient characteristics at baseline between the responders and non-responders (p! 0.05 for each characteristic). Furthermore, there was no difference in the treatment at baseline and at follow-up between the 2 groups. None of the patients experienced cardiac death, hospitalization, or invasive treatment, such as implantable cardioverter-defibrillator (ICD) or cardiac resynchronization therapy. The functional parameters between the responders and non-responders are also summarized in Table 2.
T2 mapping, LGE, and MIBG scintigraphy
Representative images of T2 mapping and MIBG scintigraphy are shown in Fig. 2 . The interval between CMR and MIBG scintigraphy was 7 days (IQR 2-10 days). (Fig. 3) .
The mean T2 values, LGE area, and MIBG indices between the responders and non-responders are summarized in Table 2 . The T2 values were lower in the responders than non-responders (61.4 vs. 68.1 ms, p=0.013). In contrast, the LGE area did not significantly differ between the responders and non-responders (3.4 % vs. 4.4%, p=0.67). Each index of MIBG was better in the responders than non-responders; however, these differences were not significant (p=0.16 for early H/M, 0.07 for delayed H/M, and 0.08 for WOR, respectively).
Discussion
DCM is a cardiomyopathy causing HF, and MIBG scintigraphy is useful in assessing the severity or prognosis of HF. This study showed that the T2 values correlated with the MIBG indices, and the functional recovery at the 6-month follow-up significantly differed between the responders and non-responders.
The normal myocardial T2 value recently reported was approximately 55 ms (range 50-58) (12) or 51.2±1.6 ms (15) in the 1.5T scanner. The myocardial T2 value in 21.7 ± 3.9 5.2 ± 5.5 -Data is expressed mean ± SD. LV: left ventricle, EDVI: end-diastolic volume index, ESVI: end-systolic volume index, EF: ejection fraction, MIBG: metaiodobenzylguanidine, H/M: heart-to-mediastinum count ratio, WOR: washout rate, CMR: cardiovascular magnetic resonance imaging, LGE: late gadolinium enhancement, LVEF: the difference of LVEF calculated as = LVEF at follow-up-LVEF at baseline DCM was previously reported as 61±0.4 ms for the mild cardiac dysfunction group (LVEF >35%) and 67±6.8 ms for the severe dysfunction group (LVEF ! 35%) (15) . Our result (64.5±6.6 ms) was comparable to the previous report. MIBG scintigraphy is a semi-quantitative analysis; therefore, as the uptake decreases commensurate with the disease severity, setting ROI on the heart becomes more difficult due to the increased uptake in the lungs. Therefore, the MIBG indices can underestimate the severity in such cases. Because T2 mapping is quantitative, this method is considered to be superior. Conversely, T2 mapping is less useful for arrhythmias because TR is not constant due to the irregular ECG gating. Thus, for HF patients with arrhythmias, MIBG scintigraphy is considered to be superior.
MIBG scintigraphy with the indices of H/M and WOR is now widely used to evaluate the sympathetic nerve activity. The early H/M reflects the distribution of cardiac sympathetic nerve and uptake-1 function in the sympathetic nerve terminals. The delayed H/M provides additional information of the MIBG washout in the early H/M. WOR reflects the degree of sympathetic drive. A decreased H/M and increased WOR are associated with increased sympathetic activity (19) . The value of H/M was found to correlate significantly with the myocardial content of noradrenaline, suggesting that a decrease in the MIBG uptake is related to sympathetic nerve dysfunction (20) . Sympathetic nerve dysfunction was also found to correlate with the myocardial contractile reserve in DCM patients (21) ; thus, MIBG scintigraphy can assess the severity of myocardial dysfunction. MIBG scintigraphy is also used to predict the prognosis. When the value of H/M decreased or WOR increased, the patients showed significantly poorer prognoses (8, 22, 23) . Additionally, MIBG scintigraphy was useful in predicting the functional improvement for the treatment (9, 10) . In this study, the T2 values derived from T2 mapping correlated with the MIBG indices; therefore, T2 mapping may be able to assess the HF severity. Moreover, because the T2 values significant differed between the responders and nonresponders, T2 mapping may be useful for predicting the functional recovery in DCM.
The physiology between decreasing MIBG uptake and increasing T2 values should be different. The rationale for why the T2 values correlated with the MIBG severity is not clear; however, myocardial damage may explain this correlation. As the myocardium is damaged, the T2 value increases and MIBG uptake decreases. Additionally, Turpeinen et al. found that the cardiac sympathetic activity correlated with inflammatory markers by comparing MIBG indices and interleukin-6 (IL-6) (a proinflammatory cytokine) (24) . They concluded that myocardial sympathetic innervation and activity are related to inflammation in DCM. This relationship may also explain the observations of decreased MIBG uptake and increased T2 values.
The presence of edema or inflammation is generally considered as the central factor influencing T2 weighted imaging (11, 13) . If T2 mapping only reflects the degree of edema, it would not be able to predict the functional recovery. Thus, we presumed that the inflammation may be one factor affecting the T2 values in DCM. Chronic or persistent inflammation in the myocardium plays a role in DCM as a cause of disease pathogenesis or progression (25) . The abovementioned paper by Turpeinen et al. (24) may partially support the correlation between T2 value and MIBG indices and predict the functional recovery observed in our study.
Previous papers have reported the importance of myocardial fibrosis, as detected by LGE, in DCM patients (26) (27) (28) . The presence of LGE showed higher mortality, hospitalization, and the requirement of invasive treatments, such as ICD. However, we did not find any significant difference of LGE area in the LV myocardium between the responders and non-responders. The short follow-up period or the small number of the patients in our study may explain the discrepancy between this study and previous reports to some extent. Additionally, current LGE imaging utilizes the nullpoint method. The normal myocardium is set as null when using inversion-recovery pulse; however, this has an intrinsic limitation and should not be used in diffusely diseased cardiomyopathies, such as DCM. This is because the normal null myocardium would not be present. This limitation may result in the presence of only 35-42% of LGE, even in a population with severe dysfunction (26, 27) . Although the recent development of quantitative T1 mapping or extracellular volume measurement may help overcome this limitation (29), we did not have these sequences or algorithms. Additionally, the renal function decreases in HF patients (30) , which may make it difficult to administer the gadolinium-based contrast agent. Because of these limitations, T2 mapping has advantages over LGE imaging.
Limitations
There were several limitations to this study. First, we only included a small number of patients. Because we excluded patients with arrhythmias, a considerable number of DCM patients may have been excluded in this study. We could not perform a prognostic evaluation due to the small sample size. Second, the study was retrospective. Thus, the treatment received may be inhomogeneous in our population. Third, the laboratory data on inflammatory markers, such as high sensitive C-reactive protein or IL-6, were not available because they are not routinely obtained. Further prospective studies including a larger number of patients and more homogenous data and treatments are needed to ascertain the efficacy of T2 mapping.
Conclusion
T2 mapping in DCM patients was found to correlate with the MIBG indices. Moreover, the T2 values were significantly lower in the responders than non-responders. Therefore, T2 mapping may be useful in assessing the cardiac function and functional recovery in DCM patients.
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